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Relation  of  Heat  Treatment,  Mechanical  Properties,  and 
Microstructure  of  60-40  Brass 

By  Victok  O.  Homerberg,*  P.D.,  C.\mbrii)ge,  Ma.ss.,  .\x» 
Dexter  N.  Shaw,  M.Sc,  Akron,  Ohio 

(New  York  Meeting,  February,  1924) 

A  STUDY  of  the  correlation  of  the  mechanical  properties  antl  of  the 
microstructure  with  the  heat  treatment  of  60-40  brass  has  been  confined, 
heretofore,  to  the  rolled  or  extruded  material  as  received  from  the  manu- 
facturer. The  results  obtained  by  Babson  and  Buhler,i  Bengough  and 
Hudson, 2  Stead  and  Stedman,*  and  Brayton*  have  been  confined  to  the 
treatment  of  the  material  as  received.  No  attempt  v^^as  made  to  get  the 
material  into  a  given  condition  and  then  to  work  from  this  basis.  To 
start  with  a  given  structure  would  have  the  decided  advantage  of  making 
the  work  independent  of  the  original  condition,  hence,  to  make  the 
results  reproduceable. 

In  a  previous  paper,  it  was  shown,  in  connection  with  the  study  of 
the  transformation  that  occurs  at  about  470°  C,  that  if  specimens  were 
quenched  to  produce  the  beta  structure  and  then  reheated,  the  beta 
would  begin  to  break  down,  at  approximately  200°  C,  into  a  very  finely 
divided  alpha.  It  was  predicted  that  important  results  might  be 
obtained  if  test  pieces  were  to  be  given  a  similar  double  heat  treatment 
and  then  tested  for.  the  mechanical  properties  as  well  as  a  study  of  the 
microstructure.  The  material  used  in  the  present  investigation  was  a 
^i-vn..  round  bar  of  extruded  muntz  metal  of  the  following  composition : 
Copper,  61.05  per  cent.;  zinc  (by  difference),  38.90  per  cent.;  lead,  0.05 
per  cent. ;  iron,  trace ;  tin,  nil. 


*  Instructor  in  Metallography,  Massachusetts  Institute  of  Technology. 

t  Research  Laboratory,  Goodyear  Tire  &  Rubber  Co. 

1  Babson  and  Buhler:  "  Effects  that  Different  Temperatures  of  Annealing  have  on 
the  Physical  Properties  of  Brass  and  the  Effects  of  Different  Gases  at  the  Annealing 
Temperatures  on  the  Microstructure  of  Brass."     M.  I.  T.  Thesis,  1903. 

^  G.  D.  Bengough  and  O.  F.  Hudson:  "Heat  Treatment  of  Copper-zinc  Alloys." 
Jnl.  Soc.  of  Chem.  Ind.  (1908)  27,  43  and  654. 

^  Stead  and  Stedman :  Op.  cit. 

■*  H.  M.  Brayton:  "Heat  Treatment  of  Beta  Brasses."  Chem.  &  Met.  Eug. 
(1920)  22,  211. 
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Fig.   1. — Physical  properties  op  test  specimens. 


Fig.  2. — Specimen  not  reheated.      X  250. 


Fig.  3. — Specimen  reheated  at  150°  C. 
FOR  2   HR.       X  250. 
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Fig.  4.^Specimex  reheated    at  2UU^  C.j      'Fig.  5. — Specimen  keheated  at  250°  C. 
FOR  2  HR.      X  250.  ;for  2  HR.      X  250. 
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Fi(i.   0. — Specimex   keheated   at  ijOO"  (" 
FOR   2   HR.       X  250. 


Fk;.   7. — Specimen   reheated   at  ;j50'   C 
FOR  2   Hit.      X  250. 
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Fic;.    8. — .Specimi:n  reheated  at   4UU°   C. 
FOR  2  HR.       X  250. 


Fiu.  9. — .Specimen'  reheated  at  4.JU     C. 
FOR  2  HR.       X  250. 


Fig.  10.- 


-Specimen  reheated  at  500°  C.   Fic;.  11. — Specimen  reheated  at  550°  C. 
FOR  2  HR.   X  250,  FOR  2  HR.   X  250. 
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Fiii.   12. — iSpecimen  reheated  at  OUU"  C.       Fig.   13. — Specimen  keheated  at  050°  C. 
FOR   2   HR.       X  250.  FOR    2    HR.       X  250. 
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Fk;.    14. — Specimex   iu;iik ated  at  700°  C.       Fui.    15. — Si'ecimkx  reheated   at  750°   C; 

FOR    2    HR.        X  250.  FOR    2    HR.        X   250 


6  RELATIONS    OF    GO    40    BRASS 

Tlic  test  spcciiiicns  were  licatcd  at  S'io"  ( '.  foi-  2  lir.  ami  1  licii  (luciichcd 
in  iced  l)iin(',  the  tcmpcratuic  of  which  was  —8°  ('.  'i'hc  tensile  test 
pieces  were  niacliined  to  the  standard  specification  of  0.")05  in.  diameter. 
These  test  bars  were  sii})se{juently  reheated  for  2  iir.  at  temperature 
intervals  of  50°  ('.  from  150°  to  750°  ('.  and  (luenched  in  cold  water. 

The  j)hysical  properties  are  jiiven  in  Table  1  and  the  curves  in  Fig. 
1;  the  structures  are  shown  in  Figs.  2-15,  inclusive.  All  specimens 
were  etched  with  concentrated  NH4()H  and  HjOi  and  photographed  at 
250  diameters.  The  results  may  be  discussed  })y  dividing  the  i-eheating 
temperatures  into  three  groups;  (a)  50°-250°  C;  (b)  250°-450°  C; 
(c)  450°-750°  C. 


Table  1 . — Physical  Properties  of  Test  Speciryiens 

ReheatiiiK 

Brinell  Hardness 

Tensile 

Strength, 

Lb.  per  Sq.  Li. 

Pfr  Cent. 

Elongation 

in  2  In. 

Per  Cent. 

Temperature, 
Degrees  C. 

500-Kg.  Load    3000-Kg.  Load 

Reduction 
of  Area 

/  Original 

119 

62,000 

35.0 

36.7 

50 

97 

126.0 

35,000 

4.0 

0.0 

150 

100 

123.0 

38,750 

3.0 

0.4 

200 

136 

149  0 

52,500 

1.0 

0.2 

250 

241.0 

82,750 

0.0 

0.0 

300 

163.0 

71,250 

9.0 

5.4 

350 

130 

131.0 

65,000 

19.0 

12.5 

400 

119 

111.0 

61,250 

22.0 

17.5 

450 

69 

68.0 

48.750 

55 . 5 

46.7 

500 

74 

82.5 

50,000 

49.0 

42  2 

550 

74 

85.5 

55,000 

47 . 0 

36.4 

600 

76 

87.1 

55,000 

47.0 

36.0 

650 

79 

88.7 

56,750 

42.5 

30.4 

700 

85 

88.7 

55,750 

34.0 

22.0 

750 

96                107.0 

57,000 

24.5 

12.6 

The  physical  properties  of  these  reheated  specimens,  as  given  in 
Table  1  and  Fig.  1,  show  a  rapid  change  when  heated  in  the  lower 
range.  The  tensile  strength  and  the  Brinell  hardness  increase  rapidly 
from  the  first  reheating  temperature  to  250°  C,  at  wdiich  point  they 
reach  a  maximum.  The  microstructure  changes  from  crystals  of  beta, 
which  exist  until  a  temperature  of  200°  C.  is  reached,  to  finely  divided 
alpha;  an  increase  in  tensile  strength  and  hardness  is  to  be  noted  with 
this  change.  The  structure  is  fineh^  divided  alpha  at  250°  C,  at  wdiich 
temperature  the  material  exhibits  remarkable  mechanical  properties;  i.  e., 
maximum  hardness  and  tensile  strength  with  no  ductility.  Properties 
analogous  to  those  of  martensite  in  steel  are  clearly  evident.  A  tensile 
strength  of  82,750  lb.  per  sq.  in.  and  a  Brinell  hardness  of  241  under  a 
3000-kg.  load  are  greater  than  any  values  previously  recorded;  these 
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vahu's  were  checked  and  are  reproduceable.  The  microstructure  showed 
characteristic  grain  boundary  alpha  along  the  edges  of  the  fracture, 
therc))y  indicating  an  intercrystalline  ])reak.  All  the  specimens 
that  were  quenched  for  ])eta  contained  a  sHght  fringe  of  alpha  at  the 
grain  boundaries. 

In  the  temperature  range  ])etween  250°-450°  C,  the  tensile  strength 
and  the  hardness  decrease  to  a  minimum  while  the  ductility  passes 
through  a  maximum.  It  will  be  noted  from  Figs.  5-8  that  the  finely 
divitled  alpha  has  coarsened  with  an  increase  in  the  reheating  temperature. 
At  450°  C.  there  is  a  sudden  increase  in  the  ductility,  as  a  result  of  the 
recrystallization    of   the    alpha  into  twin  crystals.     Fig.  9  shows  that 


Fig.   10. — Test  bars  axd  their  fractures. 


practicalh'  the  entire  microstructure  consists  of  twinned  alpha.  The 
result  is  a  high  value  for  elongation  at  the  expense  of  hardness.  The 
tensile  strength  is  48.750  lb.  per  sq.  in.;  the  hardness  is  68  under  a  3000- 
kg.  load;  the  elongation  and  the  reduction  of  area  are  55  and  46.7  per 
cent.,  respectively. 

The  third  range  from  450°  to  750°  C.  shows  a  gradual  increase  in 
tensile  strength  and  in  Brinell  hardness.  Figs.  10-15  show  that  the 
proportion  of  beta  has  gradually  increased.  Alpha  needles  are  obtained 
on  quenching  from  750°  C.  Fig.  15  shows  beta  with  unabsorbed  alpha 
twins  and  needlelike  alpha,  which  is  characteristic  of  the  alpha  that  comes 
out  of  the  beta  on  quenching.     Fig.  16  shows  the  fractured  test  bars. 

The  effect  of  the  time  of  heating  at  the  quenching  temperature  on 
the  Brinell  hardness  after  reheating  at  250°  C,  for  2  hr,  was  studied. 
Table  2  indicates  the  heat  treatment  and  the  results  obtained : 


RTOLATIONS    OF    00-40  BRASS 

Table  2. — Ileal  Treatment  and  Re.Hults  Obtained 


Qiicncliing  Tonipcri 
Degrees  C. 

turo, 

Time 

it  (iui 

IiellillK  Teiril 
Hours 

)ci:it  lire, 

Uriiull  Uardnens  after  Reheating 
at  250°  C.  CJOOO  Kg.) 

750 

H 

'A 
1 

2 

149 
156 
159 
166 

775 

H 
1 

2 

170 
179 
179 
179 

800 

1 

2 

170 
179 
179 
179 

825 

1 

1 
2 

170 
179 
179 

179 

At  750°  C\,  the  alpha  reeds,  which  were  present  in  the  original  extruded 
material,  persisted  throughout  the  grains  even  after  2  hr.  heating.  The 
needlelike  alpha  was  distributed  throughout  the  beta  during  the  short 
times  of  heating  Init  was  present  only  at  the  grain  boundaries  when  the 
time  of  heating  was  2  hr.  At  775°,  800°,  and  825°  C,  the  original  alpha 
reeds  were  absorbed  even  after  heating  for  15  minutes. 

The  effect  of  various  quenching  media  was  studied.  The  test  pieces 
were  heated  at  825°  C.  for  2  hr.,  then  quenched  in  different  media.  They 
were  then  reheated  at  250°  C.  for  2  hr.,  quenched  in  water,  and  the  physical 
properties  determined.     Table  3  gives  the  results  obtained;  they  show 

Table  8 


Queneliiiig  Medium 

Tensile 

Strength, 

Lb.  per  Sq.  In. 

Per  Cent. 

Elongation 

in  2  In. 

Brinell 
Hardness, 
3000  Kg. 

Brine  at  -8°C 

82,750 
62,000 
57,500 
58,200 

0.0 
12.0 
44.0 

34.5 

241    0 

Water  at  25°C 

179  0 

Water  at  100°C. 

74  0 

Cold  oil 

85.7 

that  the  only  medium  that  is  satisfactory  for  maximum  hardness  and 
tensile  strength  is  iced  brine.  The  beta  grains  existed  in  the  specimens 
quenched  in  water  at  25°  C.  but  these  were  surrounded  by  large  alpha 
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fringes  and  alpha  needles  within  the  grains.     The  specimens  quenched 
in  boiling  water  and  in  oil  showed  no  ])eta  as  distinct  grains. 

The  effect  of  the  time  of  reheating  at  250°  C.  was  studied  by  (lucnching 
test  bars  in  iced  ))rine  after  heating  for  2  hr.  at  825°C.  and  then  reheating 
for  different  l(Migths  of  time  at  250°  ( \  Table  4  gives  the  results  obtained ; 
they  show  that  the  l)reaking  down  of  the  beta  is  very  rapid. 


Table  4 

I'lMlC    AT    2.")0°  C. 


15  mill. 
30  uiiii. 

1  hr.. 

2  hr.. 


Hahi.nkss  CJOOO  Kg.) 
229 
229 
241 
241 


The  effect  of  the  various  rates  of  cooling  from  the  reheating  tempera- 
ture of  250°  C.  was  studied  by  (}uenching  test  bars  in  iced  brine  after 
heating  for  2  hr.  at  825°  C.  and  then  quenching  in  different  media  after 
reheating  at  250°  C.  for  2  hr.  The  results  given,  in  Table  5,  show  that 
the  hardness  and  the  tensile  strength  are  practically  independent  of 
the  rate  of  cooling  from  the  reheating  temperature. 


Table 

5 

Quenching  Medium 

Brinell 
Hardness, 
3000  Kg. 

Tensile 

Strength, 

Lb.  per  Sq.  In. 

Per  Cent. 

Elongation 

in  2  In. 

Cold  water 

Air 

Cold  oil 

241 
229 
229 
241 

82,750 
81,750 

0 
0 

Iced  water.  . 

Summary 

If  brass  in  the  beta  condition  is  used,  a  gradual  increase  in  hardness 
and  in  tensile  strength  and  a  gradual  decrease  in  ductility  are  obtained 
on  reheating  the  quenched  material  to  250°  C.  Between  this  temperature 
and  450°  C,  the  reverse  is  true.  From  450°  to  750°  C,  there  is  a  slight 
increase  in  hardness  and  in  tensile  strength  and  a  decrease  in  ductility. 

The  maximum  tensile  strength  of  82,750  lb.  per  sq.  in.  and  the  maxi- 
mum hardness  of  241  with  no  elongation  were  obtained  at  250°  C; 
the  structure  showed  very  fine  alpha  and  the  fracture  was  inter  crystalline. 

The  maximum  elongation  of  55.5  per  cent,  in  2  in.  with  the  lowest 
Brinell  hardness  of  68  under  a  .3000-kg.  load  and  the  lowest  tensile 
strength  of  48,750  lb.  per  sq.  in.  were  obtained  after  reheating  to  450°  C; 
the  structure  showed  only  alpha  twins  and  the  l^reak  was  transcrystallinc. 
The  Brinell  hardness  and  the  tensile  strength  are  proportional. 
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Satisfactory  beta  was  oVjtained  w  hen  1  ho  specimen  was  heated  for  any 
lenfith  of  time  greater  th;ni  '2  '"'■  •'''  "">'  temperature  greater  than 
77')°  (".  'I'his  fact  is  inipoitaiit .  as  all  ol  the  specimens  for  wliicii  vahies 
arc  <iiv(Mi  in  'ral)l('  1  showed  a  very  hii'ge  grain  size.  It  may,  therefore, 
he  possibh;  to  get  ev(;n  better  vahies  foi-  material  treated  under  such 
conditions  as  to  obtain  a  very  small  grain  size.  'Ihe  treatment  mentioned 
above  is  suggestive. 

The  specimens  must  bo  quoiichod  in  iced  brine  in  (jrdcr  to  procure 
maximum  hardness  and  tensile  strength  on  reheating.  The  change  from 
beta  into  alpha  at  250°  C.  is  rapid.  The  rate  of  cooling  fi'oni  2.")()°  ('.  has 
no  apprecial)lc  effect  on  the  physical  properties. 


